The need for a closed and sustainable water system in greenhouse areas is stimulated by the implementation in the Netherlands of the European Framework Directive. The Dutch national project Kasza: Design of a Closed Water System for the Greenhouse Horticulture will provide information how the water system in a greenhouse horticulture area can be closed. In this paper the conceptual design of two systems to close the water cycle in a greenhouse area is described.
INTRODUCTION
Water is an essential production factor in the greenhouse horticulture. Superior quality irrigation water is required for production of high quality products. In Dutch greenhouse horticulture areas both irrigation water quality and quantity are a point of concern. In summer a prolonged period of dryness reinforced with peak water consumption of the horticulture might cause scarcity of suitable irrigation water.
Furthermore reduction of discharge of wastewater is an issue in greenhouse areas. This wastewater is more and more discharged to municipal wastewater treatment plants.
Relatively high concentrations of nutrients (nitrate and phosphorus) in combination with a low concentration of organic carbon and presence of plant protection agents (also called pesticides) are observed in the wastewater. This might cause sub-optimal conditions in municipal wastewater treatment plants which could have negative effects on the performance of these plants. At the same time, high amounts of nutrients and pesticides are observed in surface water in regions with greenhouse cultivation (Baltus & Volkers-Verboom 2005; Berbee & Volkers-Verboom 2006) .
A closed water cycle on a regional scale can contribute to diminish or solve the described water management problems. Both irrigation water quality and quantity problems might be tackled if wastewater streams can be purified to irrigation water. This closed water cycle is also in line with the goal of the joint committee of water boards and greenhouse sector (GLAMI) to reach zero liquid discharge for substrate cultures in 2027 in order to meet the criteria of the European Water Framework Directive (WFD).
In order to achieve this innovative integral transformation process both the greenhouse sector and the water boards in the Netherlands decided to cooperate on a national level. The national project "Kasza", which stands for "greenhouses without wastewater", was started. In this paper the first results of Kasza are presented. This consists of a selection and preliminary design of two technological concepts for a closed water system in greenhouse areas.
These concepts will be tested on a full scale pilot in a greenhouse area in the Netherlands.
METHODS

General
As a first step in the selection of a closed water system for the greenhouse horticulture an inventory of the current policy, legislation and practice with respect to the water supply and wastewater discharge was made. Subsequently an inventory of the available water treatment technology with respect to removal of microorganisms, pesticides, was made. Based on this inventory a technical and financial feasibility study was executed in order to design the most feasible and effective system(s) for a closed water cycle.
Definition of closed water cycle in greenhouse area
In Figure 1 the green (shown as dark grey) objects present the system for closing the water cycle on the level of a greenhouse area. It is stressed that the system is additional to recycle of drain water inside the individual greenhouses.
In the rest of this paper the internal recycle is referred to as recycle and the recycle on the area level is revered to as purified water. For the purpose of evaluating the feasibility for an average sized greenhouse area in the Netherlands a reference area has been determined.
Reference area
The closed water system should be applicable in most of the greenhouse areas. In order to design this system and to analyze the feasibility a reference greenhouse area has been chosen of 40 ha by applying the following criteria: † both floriculture and vegetables should be included; † a direct soil cultivation should be included (Chrysanthemums); † a low salt tolerant cultivation should be included (orchid); † pot plants are included because a wide variety of growth regulators are supplied with this cultivation; † roses are included because problems with root exudates can be expected with roses.
Hence chrysanthemums (4 ha), orchid (4 ha), paprika (10 ha), tomatoes (10 ha), potted plants (4 ha) and roses (8 ha) are selected for the reference area. The partition of these cultivations is arbitrary, but follows roughly their segment in the greenhouse horticulture market in the Netherlands (Woerden 2001) . † interest rate -6% † inflation rate -3% † average depreciation period -10 year
The sensitivity of the model has been tested for the following situations: † size of the greenhouse horticulture area † composition of cultivation and crops present † depreciation scheme Of all potential benefits only the costs of saved water and the reduction in individual water analysis are presented. The individual entrepreneurs will benefit directly of these savings.
RESULTS AND DISCUSSION
In this section the most relevant environmental policy and legislation with respect to the realization of a closed water cycle in the greenhouse sector is described. In order to define the capacity and technological requirements of the closed water system the water balance and water quality and criteria of several water streams in the water cycle are analyzed. Based on this analysis the most promising techniques and processes for closing the water cycle are selected. Finally the financial feasibility of the selected processes is tested under varying conditions. However the Province of Zuid-Holland has announced that they will not tolerate this practice any more after 2013. The Water Board of Delfland that is responsible for the protection of surface water in the same area has reacted on this announcement by tightening the criteria for discharge of concentrate to the surface water. So the greenhouse sector will need to think of other water sources or smart solutions to get rid of the salts in the brackish groundwater.
Legislation and environmental policy
Water and cultivation systems
The water cycle in the greenhouse horticulture depends on the presented. The main difference between both cultivation options is the possibility of an internal water recycle (drain water) with substrate cultivation. Recycle in direct soil cultivation is more complicated, because collection of drainage water is difficult (CIW 1996) . In addition the drainage water might be mixed in the drainage network with seepage or percolation water, which often has a limited quality. A solution might be the construction of a double drainage network in which one network is used for collection of drainage water and the second for seepage and percolation water.
Water balance
To set up the overall water balance of the greenhouse horticulture irrigation water, rainwater, recycle water, purified water, suppletion water and evaporation volumes are important.
Evaporation rates are region and crop dependent.
Crops that are grown all year round show higher values due to heating of the greenhouse in winter (Graaf & van den Ende 1981) .
Irrigation water requirements are crop and cultivation method dependent. Irrigation water requirements can be coupled to evaporation rates (tomatoes are used as a reference) using Equation 1. The water content of the product is assumed to be constant, resulting in the same relationship between recycle water and evaporation rate.
E i and f i denote the evaporation and water volume in month i and E total and f total the evaporation and water volume per year.
The irrigation water should be composed of both rainwater and purified water (and if necessary other suppletion water). The efficiency of the collection of rainwater is assumed to be 90% (Ministerie van de Vlaamse Gemeenschap Beleidsdomein Landbouw en Visserij 2006).
The amount of recovery water is expected to be at any moment throughout the year about 10% of the amount of irrigation water based on figures for drainage (Graaf 1988) .
A water recovery of 85% is assumed for the water purification of the recycle water to purified water. For the purification of suppletion water a water recovery of 90% is assumed. Evaporation only applies for the total area of basin(s), in this case the maximum evaporation rate (600 mm) is used, corrected with a surface water evaporation correction factor of Massop & van Bakel (2005) In Figure 4 the water balance of a representative new greenhouse horticulture area of 40 ha is presented. In old The amount and composition of seepage is very region dependent. Especially near the coast, problems can occur with the salts contents of this stream (values for chloride vary between 150 and 4,000 mg/l). Because of the region dependency it is difficult to implement the influence of seepage water.
Water quality
This section describes the quality (criteria) of the different water streams that can be found in a greenhouse (area):
irrigation water, suppletion water, recycle (waste) water.
Irrigation water
The quality of irrigation water is an important production factor in greenhouse cultivation. The quality requirement depends on different factors such as type of cultivation and cultivation method.
An important quality factor is the sodium concentration. Plants can take up water with a maximum sodium concentration of 75-150 mg/L. In practice the electrical conductivity (EC) is measured instead of the sodium concentration. The EC is a measure for the total concentration of ions in the water and is expressed in mS/cm at 258C. Plants can sustain feed water to about 1 mS/cm. The EC gives no information about the nature of these ions (Wageningen UR 2007) . The EC, [Na þ ] and [Cl 2 ] are used for a very general classification, indicated in Table 1 .
Rainwater is considered to be the best source, though in glasshouse areas near the coast the sodium content is even higher then the criteria for class 1 in 
Suppletion water
Due to seasonal fluctuations rainwater is insufficient applicable during summer. Therefore backup suppletion water should be available. Table 2 indicates different sources of suppletion water with their (dis)advantages.
Sources for closed watersystem
A wide variety of wastewater streams from glasshouses is possible (Table 3) . For reasons of discharge management and in order to facilitate proper measurement and registration, all wastewater flows from a greenhouse company should be collected at a single point. This is also necessary to facilitate connection to the municipal sewer system.
Each wastewater stream mentioned in Table 3 could be used after recycle as irrigation water. Suitability for reuse of these streams depends on some general factors: † total volume per year † volume per discharge † volume peak discharge † discharge frequency: frequently, occasionally, continuous, batch-wise † discharge moment and duration † composition: carbon is limiting in biological treatments, presence of protection agents † concentration of substances: relative high concentration of Na þ , also other ions could give problems (SO 4 22 , Ca 2 þ , Mg 2 þ , trace elements).
Residual emissions
In a closed water system salts have to be removed to prevent accumulation. A market for these salts should be found in order to prevent disposal.
A possibility for waste reduction is recycle of nutrients, which could result in less nutrient consumption and consequently in a cost reduction. Comparing the consumption figures and discharged amounts of nutrients the discharge ranges between 1% and 20% (lower percentages 
Inventory of techniques
The closed water system can be separated into three different functional groups: water transport system, water storage and water treatment.
Transport system
The transport system comprises transport of water from the greenhouse area to the water treatment and supply of purified water from the treatment to the glasshouse companies. The capacity of this system should be able to cope with the seasonal and average daily fluctuations of the total waste water amount. A total peak factor of 3 is applied for the dimensioning of the transport system.
Water storage
Water storage can be split up into wastewater storage and purified water storage. The wastewater storage should be a closed system in order to prevent pollution of the local surface and groundwater. For the storage of purified water several methods are available as shown in Table 4 .
Selection of the most suitable method is very regionally directed and depends on several factors as price of land and type of underground. In addition overall set-up and required capacity are important parameters.
Water treatment techniques
The water treatment techniques can be subdivided in desalination, nutrient removal, disinfection and pesticide removal methods.
In Table 5 an overview of techniques is presented that can be applied for the removal of nutrients, salts, organic micropollutants and microorganisms.
For desalination of the wastewater the following four techniques can be applied: ion exchange, electrodialysis, multiple effect evaporation and reverse osmosis (Buros 2000) . The great advantage of reverse osmosis compared to the other three, is the simultaneous removal of organic micro pollutants (both polar and non polar) together with the desalination and the important contribution to disinfection. For this reason RO is selected for the desalination.
Application of desalination will require a superior pretreatment to prevent physical damage to the membranes and biofouling and scaling.
With the combination of ultra filtration (UF)-RO also the criteria for removal or inactivation of plant pathogens can be met. Also nearly all organic micro pollutants and nutrients will be removed.
A quick scan was executed into potential techniques for the treatment of the concentrate of the desalination. Based on this quick scan the following two options were selected as most promising: The following scenarios can be distinguished (Mickley 2001 ).
(a) There will be a market for the salts in the concentrate:
SAL-PROC TM (or ROSP at low salt concentrations) seems to be a good option. The wastewater can be split up in useful products and recycle water. Precipitation (PR) 0.06 Screen 2 2 2 2 2 2 2 2 2 2 2 2 þ þ 2 2 2 2 2 2 2 2 Membrane bioreactor (MF)
Ion exchange (Carix) 0.1 RSF 2 2 2 2 2 2 2 2 2 2 2 2 þ þþ þþ þþ 2 2 
Applicability: þ þ , very good; þ , good; A, average, 2, not applicable; 2 2 , very bad; nr, not relevant.
Selected treatment processes for closed water system
From the identified suitable techniques the process in Figure 5 has been composed that is expected to be technical feasible and sufficiently remove or inactivate nutrients, salts, organic microcomponents and pathogens (see also pale grey (yellow) marked parts in Table 5 ).
As shown in Table 1 not for all crops the same quality is required. Therefore it is to be expected that in several greenhouse horticulture areas with more salt tolerant crops and with sufficient rain water storage and good groundwater available for suppletion the purified water does not need to be desalinated.
For this situation without desalination and without removal of nutrients but with sufficient removal of plant pathogens and organic micro pollutants the following techniques are available: membrane filtration (UF), heating, UV dosing and AOP (H 2 O 2 /UV) in combination with active carbon filtration (see also Table 5 dark grey (green) marked parts).
For the sufficient removal of the organic micropollutants AOP is considered the best option. In the Greenhouse Horticulture application of UV technology for disinfection is common. In AOP, UV can be combined with peroxide (H 2 O 2 ). In this process Assimilable Organic Carbon (AOC) will be formed. This might result in excessive growth of bacteria in the distribution system. To prevent this active carbon filtration can be applied as the final step in this process (see Figure 6 ).
For both processes the main process consists only of proven techniques. A pilot test is required in order to get insight in the residues of the advanced oxidation process and the quality of the separated (solid) residues that might be reusable inside or outside the greenhouse area.
Financial feasibility
In Table 6 the financial feasibility analysis of the 2 selected processes for the closed water system in the Greenhouse Horticulture is presented for the reference area.
The AOP based process (2) appears to be most cost effective. Not only the investment but also the operational costs are higher as the costs for the treatment of concentrate in system 1 "desalination" is completely expressed as operational costs. As the NPV balance of both options is positive they are both considered to be financial feasible.
Sensitivity analyses
In Table 7 the results of the financial feasibility in case of a different composition of the crop mix is presented.
It is clear that the feasibility is strongly influenced by the crop mix. This is probably a result of the amount of water available for reuse. In vegetable cultivations there is only very little waste water available, whereas in areas with soil based flower cultivation the amount of water is much higher. In Table 8 
CONCLUSION
Application of a closed water system in new green house horticulture areas is technical and financially feasible. The financial feasibility however is strongly influenced by the amount of water available. The cultivation composition of greenhouse areas and the size of the area is effecting this amount of water and therefore effecting the financial feasibility.
A process with desalination is required to meet the irrigation standards for sodium and conductivity for the most sensitive group of crops. However in areas with good water (low in sodium concentration) and less sensitive Administrative costs 3,000 3,000
Operation and specific costs 13,000 13,000
Total operational costs 134,000 61,000
Costs NPV 10 2 1,206,000 2 589,000
Benefits NPV 10 1,546,000 1,546,000
Balance NPV 10 340,000 957,000 In all cases plant pathogens and organic micro-pollutants need to be removed.
For the process with desalination, reverse osmosis is selected together with ultrafiltration as pretreatment. The treatment of the concentrate depends on the market potential of the products prepared from the concentrate.
More information is required on the composition of the concentrate in order to decide which techniques can best be applied and what the quality of the rest products will be.
For the process without desalination an advanced oxidation process with UV peroxide followed by active carbon filtration seems to be the best solution.
